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The invention relates to an expression cassette 
for expressing genes in plant seed and to the plasmids 
cS^ said expression cassette. The .nven^n 
includes the production of transgenic plant ceNs 
containing said expression cassette and the use of he 
Smids in said expression cassette for producng 
transgenic plants. The invention can be apphed m the 
field of biotechnology. P»iarmaceut.cs and plant 
production. The aim of the invention «s to provide a 
means for the seed-specific expression fansgen.c 
Sants in such a manner that it .s surtabte for the 
production of the desired substances. Another aim of 
the invention is to construct an expression cass^ 
which allows stable expression of genes of substanc^ 
to be produced in plant seed at a high expresswn 
rate The Inventive expression cassette compnses the 
following essential components: the promoter of the 
gene of the seed protein which is analogous to the 
Lcrose binding protein (SBP), 0Pt'°"^»y, 
sequence of a signal peptide, preferably that of the 
SBP signal peptide, a gene to be expressed, 3 
termination sequences. 
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Abstract 

The present invention relates to an expression cassette for ex- 
pression of arbitrary genes in plant seed and the plasmids con- 
taining the expression cassette. The invention also includes the 
production of transgenic plant cells containing this expression 
cassette as well as the use of the plasmids in this expression 
cassette to produce transgenic plants. Fields of application of 
the invention are biotechnology, pharmacy and plant production. 

The invention has the objective of placing seed-specific expres- 
sion in transgenic plants on a basis suitable for a production 
of materials. It is based on the task of constructing an expres- 
sion cassette with which a stable expression with a high expres- 
sion rate of genes of the materials to be produced can be 
achieved in plant seeds. 

The expression cassette according to the invention contains the 
following essential component parts: 

• the promoter of the gene of the seed protein similar to 
the sucrose binding protein (SBP) 

• if applicable, the DNA sequence of a signal peptide, 
preferably the SBP signal peptide 

• a gene to be expressed 

• 3 ' termination sequences 



16 



CA 0234888B 2001-05-01 



New expression cassette for expression of arbitrary genes in 
plant seeds ^ 

Description 

5 

The invention in question relates to an expression cassette 
for expression of arbitrary genes in plant seeds and the 
plasmids containing the expression cassette. The invention 
also includes the production of transgenic plant cells con- 
10 taining this expression cassette as well as the use of the 
plasmids in this expression cassette for production of trans- 
genic plants. Fields of application of the invention are bio- 
technology, pharmacy and plant production. 

15 For a long time now, there have been methods making it possi- 
ble to integrate relevant genes into the genome of higher 
plants. The objective of this work is the production of 
plants with new properties, for example to increase agricul- 
tural production, to optimise manufacture of foodstuffs and 

20 to produce specific pharmaceuticals and other interesting in- 
gredients. One prerequisite for the expression of the trans- 
ferred genes in this context is that they possess plant-spe- 
cific promoter sequences. For this purpose, so-called consti- 
tutive promoters such as the promoter of the nopaline syn- 

25 thase gene /I/, the TR double promoter /2/ or the promoter of 
the 35S transcript of the cauliflower mosaic virus /3/ are 
used. One disadvantage of these promoters is that they are 
active in almost all the tissues of the manipulated plants. 
In this way, a controlled and purposeful expression of the 

30 foreign genes in the plants is not possible. It is better to 
use promoters which function tissue-specifically and inde- 
pendently of development. Genes with the matching promoters, 
which are only active in anthera, ovaries, blooms, leaves, 
deciduous leaves, stems, roots or seeds, have been isolated 

35 /4/. But they differ greatly in the strength and specificity 
of the expression and only have a limited use. For the use of 
the seeds as a source of nutrition and for production of in- 
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gredients, it is above all the seed-specific promoters which 
are of great interest. With the years of research into the 
genes of the seed-storage proteins, some more or less spe- 
cific promoters with differing strengths, for example that of 

5 phaseolin /5/ or legumin and USP /6/ are available. As these 
storage proteins are synthesised by gene families, fusions of 
such promoters with foreign genes are in competition with the 
endogenous numerous genes of the corresponding gene family. 
For this reason, it is more favourable to use promoters from 

10 unique, strongly and specifically expressing genes. For co- 
and multiple transformations, the use of differing regulatory 
sequences is suitable, in order to make better use of the 
development of the seed in time, to synthesise identical or 
differing gene products in parallel and to avoid co- 

15 suppression. 

Although a number of expression cassettes for expression of 
arbitrary genes in plant seeds are already known, the expres- 
sion rates in plant seeds achieved have not been optimal up 
20 to now for the substantiation of a plant biotechnological 
production of the required materials. 

The invention therefore has the objective of placing the 
seed-specific expression in transgenic plants on a basis 
25 suitable for a production of materials. It is based on the 
task of constructing an expression cassette with which a sta- 
ble expression with a high expression rate of genes of the 
materials to be produced can be achieved in plant seeds. 

30 The objective of the invention is achieved with the expres- 
sion cassette described in claim 1, with sub-claims 2-7 being 
preferred variants. 

The expression cassette according to the invention contains 
35 the following essential component parts: 

. the promoter of the gene of the sucrose binding 
protein (SBP) like protein 
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. if applicable, the DNA sequence of a signal peptide, 

preferably the SBP signal peptide 
. a gene to be expressed 

• T ' termination sequences 

• ^ ^ »ii to a regulatory DNA sequence 
The invention relates above all to a reg 

w in the qenome, which mediates a strong ex 
occurring uniquely m the genom nrimarily in the 

pression of an arbitrary heterologous gene P^^-^"^^ 
fotyledons and in the endosperm dependency on 

development. f .Uf. cassette is the SBP 

pro^otar. the sequence of wh.ch - ^^^^^^^ 

the benefit or grea without the DNA se- 

tor the expression o£ foreign genes even «.t 
^ence of a signal peptide, is also part of the 

invention. 

Tocether with the transcriptionally regulatory sequences, the 

Session cassette also, i. need ^ ^ ^ 

tide, Which plvertinTdecompLition of 

uct into the protein bodies th P ^^^^^ 

the gene products to a ^^^^^ ^^^^^^ ' ,^^^J^^^ ^f the synthe- 
authentic signal peptide enables the ^--P^;^ ,^^,,3. 
sised foreign proteins to and storage in the protein 

' .he genes to be expressed can -J---^ ^vLIIdTa 
scription or as translation fusions, ^^^^^^^ _ 
areat extent, for example genes can be used for the pr 
great exten amvlase xylanase) , pharmaceutical 

tion of enzymes (e.g. amylase, .^v, hiah 

^ ^, or for the over-expression of proteins with a high 
D products or for tne o h alobulin of the bra- 

V. » -^f pcsaential amino-acids (e.g. 2S giocuj-x 
share of essential a proteins influencing 

nut rich in methionine) or of other protein 

"e TrU^ties of the seeds, .rther -"f ^f;", 
£cund .n the reduction or elxmnat.on of gene pr 
. through the integration of genes - - -^^^^^//^^ ,,,3 
tion. By inserting regulatory genes ^^^.^ 
seed-specific promoter, metabolic processes in 
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^ The cassette can also be used in order to 

.,3o .e ..e pron^ter .ro. Ue.d 

express the SBP gene ^^^^^tors, tor 

beans into other spec.es. The use expressed, 

example the termination °^ ,,33ette. As a 

. a .urther P-eiMUtv o. -^- J- ,„3, was used 

roncrete example, the gene oi » a 

to shov. the speciUcity of the promoter (.iS- ■ " 

„f fhe expression cassette contains 
The nucleotide se^ence -JJ^^J^. guaranteeing a strong 
transcriptionally -^"/""-^^ J/^^^ i„to the seed of 

apecific expression o an arbrt y g ^^^^ ,,,,.3pecif ic 
plants. The Northern t^^^- ^^^^^ data 

expression in the various tissues distribution of 

.:n,s. .b and a= Show rthL'h ripe tobacco 

the il-glucuronidase m tne fi-glucuroni- 
seeds and, on the other, the --^--^^^'^^^ ^evel- 
dase in the transgenic tobacco seeds as 

^P"*^"^- . . exoression cassette, preferably 

The plasmids containing the expressx ^^^^^ 
the plastnids pSBPROCS and pPTVSBPRGUS, are 
under protection. 

Xhe scope of the invention ^^-/"^^^tHir^hrh fs done'b; 

,„ssion =--'7„;;;°;r^,r3;:rs and s;bse.uent transfer 
5 transformation into bacteria preferably dicotyl 

e£ the resulting recombinant ^^-^ ^ J e product in 
plants. The plants expressing the -^'^ ^ i^^^. 
L seed are selected and bre -^J^^ ,„...,ed 

,0 frrtht^e^cte^^^^^^ a .ay basically already 

— - nrrr":^rdrrr:o::r:rs 

the rec^ired gene P-^"^"" " J^^^^s^ the total of the ex- 
various promoters in order ^^^^^^ 
35 pression rates, in order ^^^^ co-suppres- 

„ent period of the seeds »d to avo ^ 
sion. This expression cassette is 
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with the objective of expressing 
multiple transfo..at.on3 ^ J ^^^^^^^^^^ 

various gene products. A van y ^^^^ ^^^^^^ 

is needed for these strateg.es m order 
the correct ones. 

.V, ^ fo. the alteration of a plant cell is por- 
The entire method for the aicera 

trayed in an example (pSBPOCS) . 

invention is to explained in ..re aeeaii -low wU. 
examples of embodiments. 



Methods 

1. Cloning method 



15 



20 



25 



30 



1. Cloning method oBK-CMV (Stratagene) and 
Por Cloning, the vectors pUClS /7/ pBK CMV^^ ^^^^^ 

pOCSl (Plant Genetxc ^V^^^-' J^^^; ,,,,, deletion of 

transformation the vectors BIN19 /8/. 
the GUS gene, pGPTV-BAR /9/ were used. 

2. Bacteria strains nH5a /lO/ was used, 
.or the tra„.£cr,.ation to E =oU ""^^^"^hV a^ro-bacteria 
The binary plasmde were inserted into 9 

strain EHA105 /II/ by conjugation. 

3. Plant transfom^tion 

The «-='°7"^;";'J^::r transformation o£ Vicia narbc- 
leafdisk method /12/ and the ^,,^,ibed by Pickardt in 

nensis with the help of the method described by 
1991/13/ by agrobacteriu. mediated gene transfer. 

analysis of genomic OW* from ^^^'t'narbonensis 
The genomic of the ""^^^the oT isolation kit of 

plants was isolated with the >^=^P °' ™ „,„,,enic 

°^::riried^ra"p- w^t: r-spec!fic primers. Xhe 
lines were identitiea via -Southern 

of foreian DNA was examined by means 
integration of foreign um 
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.1... analyses o. 20.. o. 0» foUowi.. suitable restriction 
digestion. 

S. ..glucuronidase activity test ^^^'^^^^^^^ 

; The reporter gene '^^^'t"/ histo-che.tcal 

«3si.le to both , r=u^":d over ni.ht at 

^"""\^=rxlurs r;a P-sphate (PH 7.0, ana O.U 
370c in 1 TnM X-Gluc, 3" f fixed, embedded in 

Tween 20. Por sections, the "-"^f," J'f/ 30 „„ a 
0 paraffin and cut to a section thrcknesa 

microtome . 

nrnmpl-" ^embodiments 
, ..e invention, which contains the production - a^ne.^ 

'^'''''■:T:rr.:zTio:.z. is explained heio» - 

transgenic plants den example of an 

partly with the help of the figures usi g 

embodiment . 

20 .r,=,iv<?is of an SBP seed protein 

1.) Cloning and structure analysis o£ 

gene from Vicia f aba 

„f a cDSA Clone which codes for the sucros 
25 quence of a cDSR ci gene-specific probe was then 

protein of the soybean /15/. l _ p^R on mRNA, 

:„^lified. Cloned and se^enced "/J^^^ 
isolated from immature cotyledons °' J' J^^^ 
„as identified as the gene fragment ,j 

30 binding protein and was used -^/^^^J^^^f ^ zap Express 
.he complete cD«. from a c«Vledon specrUc X p ^^^^^ 

, T var. minor, one oj- 

cDNA Bank of V. faoa i.. vo 

rvfSBP20), which has a homology of 68% 
clones (VfSBP20) , complete SBP-homologous gene 

nucleotide level, codes for isolated 
35 from the field bean. But it differs f ^^^^ 

from the soybean in both the expression (Pig. 2a) 
the function (no sucrose binding) . 
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20 



. rMulatorv sequences by means ot PCR 
2, isolat.cn of the ^ ^.elp c( the 

The reguxeton. ^"^rthe fi™ cf CLO«TECH and the 

..universal GenomeWal.er Kxt o£ ,5 • -AATCCTCA- 

aene-specific primers PSBPl. pos 

0CCCTGC.CAT-C0C.TT.GXCt™0..3., and PSBP3, posit on SS (5 

„.TT.C^TXCTOO- -3'.. -^^^^ s^uT hT and 

the ,eno.ic BKA of -faba . th Seal u, 

ligation o£ the adapters, - pa- 
dance with the descr.ptron o th K.t „ ^^^^^^ 
rametera: 7 cycles of 94 C, 23, ■ preparations 
2s 67°C, 3 min and 4 mm 67 C. The plk p f 

94 C, .<is, D ' ^„r,iifipd in a second 

^•1 i-sQ and lul of each were ampliEied in d 

were drluted 1^50 and m ^^^^^^ 

PCR (5 cycles o£ 94 C, 2S 72 ^^^^3 „j 1., a> 

r;m"::.tna^ — - ^ 

from (a) ana x.;? i^*^ , 4.^ ^v.^^ nUC18 and se- 

...t. These hands were "^-/^^^Vwere hen identified by 
fenced. The J^^^^rprrtersTtching gene vfSBP20. 

a sequence comparison as the prom „,gBp20, with both 

They represent allelic variants «'^^^^°\j,3p,o in 

Clones having 100* seguence identity J^™; 
the corresponding area. On the ^'''J^^^ ,p „i,, 

gene, 1S3. bp were isolated with clone ^l^" ^ ^^^^^^^l 
clone SBPR15. They differ by 23 base pair s 

t.o insertions. The ^^--T se^" ce^of clTne :::phiS in 
PSBPR15 are shown m Fig. 3, the sequenc 



Fig. 1. 



30 



35 



3a, proof of the seed-specific -P---";";„^;~^3,, 
With the help Of the reporter gen o« p-g^curo ^ 

c,r,ecific expression of the isoiacea i«a 
seed-specitic p ^^.^^^^ pl^^. 

<;rpr7 and SBPR15 was to be tescea. ruo. 

roBIlOl 714/ which contains the promoter-free glucuroni- 
mid pBIlOl /14/, wn dephos- 
dase gene behind a poly-lmker. was cut w 
phorylated. The promoters were isolated from ^ 
pSBpL and PSBPR15 respectively by means of an Sall/Ncol 
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Cloned into the S»al e of Mn, y P ^3,3,,,,^, and 

the ^^^^^^\J^%J:\J^,. ,ere then transferred 
PBISBPR15GUS "-"^"-^^V J*'""^,,,^ the chimerical agro- 

to the ^^--^-""^ ° ucuronidase gene were used 

.acteria containing SBP P"~^«^^ ,Hown in 

tor the transformation of tobacco. T ,„j,,cco 

..gures and 2c. The '^^IH:^^^,,^^ .'.„ong activ- ' 
seeds shows a strong blue coloratron 

ity of the glucuronidase in en P 

cotyledons of the ^^.^ was detected in other 

.„n. - --r 

tissues. The cwo y ..^f^^ in their expression be- 

SBP., and SBPH15 also do not differ in the P_^^^^^^ 

haviour. These data ,...lt in a 

rtrnranrrric-ttseetsplc^fic egression in the tobacco. 

- -Of Of the ^^'z:::^^^ - - 

in order to show that a seed P ^ pi,3„id 

be expected in "^''/^^/^^/^/^col cut pUs^id pGOSl 

PSBPR15 was cloned into the SaW ^^^^^^^^ ^^^^^ 

(Plant Genetic J^'^^ p.o«ter/G«S/ocB-tem,inator 

pSBPCUS, the '"--^ ^^\^;:l\\J, and Ugated into the bi- 

' "^^ ^"V d 1" bL^ccRI/S^I cut (Fig. 4). POPTV-Bar 
nary plasmid pGPTV Bar phosphinothricin resistance 

is a binary pl.s-d ""^"""^ J .Lnsf orn^tion of peas. 

„,,ch IS ^/^;n!d pVsBPROUS ,.lg. 4,. The e^ry- 

This Plaemld has been called pPTV ^^^^ ^^.^ 

,0 OS of the transgenic pea J,-- ^e- ^, ^^^..^.^^cal analy- 
show a strong blue coloration after a 



sis . 



35 



- - reLTirririrBrrsrnats^"^^ 

faba, Vicia narbonensis, Pi sum s a ^.^.^ 

^ r.QRPGUS isolated embryos of vicia 
With plasmid pSBPGUS, nrassica napus were shot by 

narbonensis, Pisum sativum and Brassica 
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fnllowinq conditions. The coacing y^-^y 
prised 50^1 or goxu ^^^^ 

i 10,1 o£ 0.1« =perm.d.ne. At J" „a 

showing th.t the SBP promoter functions .n the seedB. 

Production o£ the expression cassette for over-expreesion 

,5 of heterologous genes in the seed .„,.i.ble for the 

in order to make the regulatory sequences avaxlable for 

Tcotlete I untranslated region, the complete sig- 
g.on, '"^ j.^^^ triplets of the ripe protein 

t 'T," the 3 translated area with the polyadenyla- 
,„g. 1) '"^ '"^^ ^ 3^ genelFig. 5). The Ncol 

::::t:rca„t:r Jr — pt^^^si^^:- 

the B--°cati n - "X": ^ntaining the 

insertion of the toreign ycn^/ 

inseit.j.'^A foreiqn gene and tne J 

pronK,ter, regulatory sequences "J^'^ J.^^ ,„,^s and 

3„ rr^^rt-trrUicide resi^ance 

suitable for the plant transformation. 

of this the BatnHl fragment of the gene of Xy- 
As an example o£ tnis, tuc „-,„„f.c\ into the BamHI 

lanasez of Clostridium thermocellum = 
35 location Of plasmid pSBPOCS as a '^l^^- 

resulting plasmid pSBPRX^Z ^'^^^ '[^ ^ ,,,„r 
Asp7ie/sphl fragment was ligated with the 
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J Aft-pr transformation into tne ayi-w 
smoothed. After trar strong expression of 

M T;,bacum was transformed. The si:roiiy t- 
EHA105, N. Tabacum transgenic seeds m a 

the Xylanase Z was shown m the ripe tra g 

5 Western blot (Fig. 7) . 
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2. 



10 

3. 



Patent claims 

of arbitrary genes in plant seeds, 
1. promoter for expression of arbitra y 9 ^^.^^ ^^^^ 

wherein there exists the sequence of F.g- 
becomes the object of the claim. 

• 1 wherein it mediates the ex- 
Promoter according to claim , ^^^osperm of seeds as 
pression in the cotyledons and xn the 
a function of development. 

... for expression of arbitrary genes in 
Expression cassette for expre 

the plant seed, containing: 
. a promoter according to claxm 1 or 2, 
, a gene to be expressed 
, 3. termination sequences. 

J- « claim 3, wherein it addi- 
preferably the SBP signal peptide. 

1 wherein a further 

DNR sequence is downstream to °^ ^ ^ ^^.^^ ^eed- 
. t«n.criptio„aUv rU=n containing tne 

speoifio gene expression, the distribution 
.n.or.ation .or t.a --j;™ ftxr^ o. .eteroio^ous 

Of endogenous products or the e p 
products in culture crops. 

claims 3 to 5, wherein 
Hxpression cassette fj;;;;/^^ as transcrip- 

arbitrary foreign genes are integrat 
tion or as translation fusions. 



20 

5. 
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signal peptide of the SBP see p 
signal peptide. 

..p.ession cassette acceding to clai.s 3 to . .herein^- 
gene of the sucrose binding protein 
the gene to be expressed. 

^nv^saion cassette according to 
Plasmids containing an expression 

claims 3 to 8. 

^- ^ ♦-o rlaim 10, comprising a DNA 
^^^^ ^ ^^^^ 

sequence about 5.3 kB in 

£.agoent ot the regulatory ^.^^^^ ,he 

...e incxuain, the ^^^J^^^ t.tr.ct/on sites «or 
SBP-hom=logous gene of Vrcia t ' terminator 
cloning of foreign genes and the "--^J 
of the octopine synthase gene are contarned. 

^ r^iaini 10. a DNA sequence 
. nas^d PPTVSB.RCUS : phosphinothricln 

^out 14.9 Kb in srze^ ^ sall/NcoI pronK^ter 

resistance gene about 1 Kb = ' ^ ^£ sBP-like 

fragment of the "^-"^/^'^ size the coding region 
gene o£ Yicia faba about ^-'J^ '" ,„<i the 

°£ the S-glu=uronidas. about 2^b ^^^^^ ^^^^ 

transcription terminator of the octop 

contained . 

£ ^ ^vT^r-Pssion cassette accord- 
r: rair/rni^rVrXence for strong seed- 
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comprising the 



specific gene expression into a plane cell 
following steps: ^^^^^^^ ^^^^ ^^^,„^ 

^' ::: ::: ;o.ei„ occu..ing in t.e plan. see. is se- 
lected froK, a cDNA Bank o£ cotyledons o£ v.c.a £aba, 
' , a^ilro. Clone PSB»1S, Wherein tKe 0^ se^=n= 

contained therein co,^risea the regula ory = - 

, fh» SBP seed protein gene o£ Vicia faba and a 
re:en1eto: : related legume hybridising with the 

. rrrrior:rtrp"'...a pSB.OCS .a.ing .e o. the 

-rnr.cCrg::riLo th^::B::cTe.res- 

d) integration of toreign yen 

sion cassette, ^ nKr& go- 

„ .loning o£ the expressron ca-tte =on arning a^». se^ 
quence for over-expressxon of foreign g 
^eeds into binary vectors 

seeas xu rassette containing an 

f\ fransfer of the expression cassette 
" To": : gene under the control of the propter 
20 according to claims 1 cr 2 into a plant call. 

14 use of an expression cassette according to clai^ 3 t„ 5 
for expression o£ homologous and heterologous genes in 
seeds of transformed plants. 

n.e of an expression cassette according to claims 3 to 9 
Z expression of genes changing the storage capacity or 
the germination capability of seeds. 

. ^he plasmids pBISBPR7, pBISBPRlS, pSBPGUS, 
30 16. use of the plasmias e thereof for trans- 

pPTVSBPRGUS and pSBPOCS or derivatives thereof 

formation of culture crops. 



25 

15. 



CA 02348888 2001-05-01 



tion of endogenous processes or for production of heteroge 
nous products in culture crops. 

^^^♦-i-o aorordinq to claims 3 to 9, 
18 Use of an expression cassette accoraing 

Che seeds of the transgenic planes. 
IS. Plant cell containing a plasmd according to claims 10 to 



15 

plasmids PBISBPR7, pBISBPRlB, pSBPGUS 



12 



20. Plant cell produced according to the method of clain, 13. 

.1. Plant or plant tissues regenerated from a plant cell 
according to claims 14 or 15. 

Plant according to clai. 14. therein it is a culture crop. 

pression cassette for exprest,iu 
plant seed. 
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Figure 2 
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2a)'Northern Blot of Vicia Faba Against VFSBP20 probe 




lb) Cross-section of Ripe Transgenic (SBPRGUS) Tobacco Seed 

Jg -glucuronidase Content in Transgenic pSBPRGUS Tobacco Line 
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Figure 7: Western Blot of Protein Extract from Ripe 
Seed with Xylanase Z Directed Antibodies 

Lanes 1-7 Independent with Plasmid PTVSBPXYN 
Transformed N. Tabacum Line 

Lane 8 Wild-type 

Lane 9 Positive Control 
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